By NAUGHTON DUNN (Birmingham).
ORTHOPAEDIC surgery is so closely associated with function that perhaps in no other branch of surgery is the patient in a better position to judge of the practical success or failure resulting from any operative procedure. For this reason any departure from the accepted principles of treatment is fraught with considerable responsibility, and should be carefully investigated by such -a Section as this.
I propose briefly to record my experience of the operations generally advised for stabilizing the foot, and frankly to state my reasons for departing from these in the treatment of selected cases.
Instability of the foot suggests deformity. This may be apparent only when the patient bears weight on the limb, or it may be a fixed deformity which does not allow passive correction. In the first case the muscles are unable' to support the strain of body weight, the ligaments stretch, and abnormal laxity of certain joints of the foot results. In the second case the normal relations of the, articular surfaces of the bones of the foot are altered, while there is an adaptive shortening and stretching of the ligaments and muscles controlling these.
Before advising treatment we must be clear on two points: (1) The cause of the deformity; (2) the degree of power present in the muscles controlling the foot and their potentialities of recovery.
The cause of the deformity may in the first instance be postural. Perhaps the commonest example of this is the equinus and slight cavus resulting from inefficient splintage during the acute illness and the convalescence. In other cases deformities result from unbalanced muscular control of the foot, aggravated by incidence of body weight. Here the efforts of the stronger muscles to support and propel the body cause further distortion of the joints which they control. The most severe paralytic deformities are of this type, and paradoxical as it may seem, it may be taken as a general rule that the more extreme the deformity of the foot in infantile paralysis the more successful the surgeon should be in his efforts to improve function.
This leads us to the second question, which is the degree of power present in the muscles controlling the foot and the potentialities of recovery.
Where paralysis of all muscles is complete there is usually little deformity.
In these cases recovery of any muscular control is not to be expected. But, where as a result of deformity certain muscles are overstretched but still show some voluntary power, further recovery in these is to be expected by appropriate Having satisfied ourselves of the cause of the deformity and the potentialities of recovery in the muscles controlling the foot what means have we at our disposal to improve function ?
The generally accepted lines of treatment I think are: (1) Splintage; (2) forcible correction of deformity; (3) tendon transplantation; (4) tenodesis;
(5) operation on bone.
(1) Splintage.-This is always essential in the early states to prevent overstretching of the weaker muscles while they are undergoing appropriate treatment. It will also be necessary for a time whatever operative procedure is adopted. Its disadvantages are that splints require constant supervision, are often irksome to the patient, and in certain cases will not prevent the gradual increase of deformity.
(2) Forcible Correction of Deformity.-This usually involves stretching or division of shortened structures. In this procedure we must remember that the muscular control of the foot is already deficient, so that simple division of the tendon of an active muscle should be avoided. We cannot afford to sacrifice a muscle which by transplantation might be made effective. My chief objections to forcible correction of paralytic deformities are: (i) That the presence of deformity means alteration of articular surfaces with laxity of the ligaments-with lax ligaments relapse is probable unless strong recovery of balanced muscular control is assured. This will seldom be possible in these cases. (ii) That the stretched and torn structures will tend to contract again. (iii) That in cases in which there has been fixed deformity for a prolonged period, much of the original cartilage will have atrophied from disuse-so that an unsound union of the joints may occur when the normal relation of the bones is restored. (iv) That in many cases it is not possible to correct one de,formity without giving rise to others. /
(3) Tendon Transplantation.-Deformity having been corrected the second aid to stabilization of the foot is balanced muscular control. Where the paralysis is not severe tendon transplantation may be effective in restoring muscular balance and so increasing the stability of the foot. I have found it a sound general rule that the most effective tendon transplanations are those where the transplanted tendons are used to replace one of the group with which they are normally in action [1] . In the more severe cases of paralysis tendon transplantation by itself is not sufficient to secure stability of the foot.
(4) Tenodesis.-This and other operations designed to stabilize the foot by acting as additional external ligaments have not in my experience withstood the strain of body weight.
These four methods all have their place in the surgery of the foot, but I think it is now generally agreed that in many of the cases of paralytic deformity the stability of the foot obtained by them satisfies neither the patient nor the surgeon.
Splintage may be necessary always-forcible correction of deformity seldom -while tendon transplantation and tenodesis are more likely to be effective when additional stability of the foot has been secured by other means.
It will, I think, be more useful, if my remarks are limited to experience of results obtained by direct operations on bone.
Whitman's Operation [2] .-Whitman's operation of astragalectomy with backward displacement of the foot is, I think, generally recognized in America and perhaps in this country as the standard operation for stabilization of the paralytic foot. It was originally devised for cases of calcaneo-valgus deformity, but has in recent years largely been employed in securing stability in other types of paralytic deformity.
Before giving my own views on this operation I will remind you of a recent article by Sever, of Boston, who reviewed the end results of 217 cases of removal of the astragalus in paralytic feet [3] . He reveals the fact that this operation has been practised at the Children's Hospital, Boston, for practically every type of paralytic deformity. His conclusion is interesting. He says:-"As a result of this analysis of these cases I feel that an astragalectomy is not an operation to be advised for any foot showing lateral instability as a result of the paralysis of one muscle group alone. The lateral instability at the ankle may be averted but more subsequent deformity may develop. It is as good an operation as any in feet which are flail or have only one muscle group left. In the presence of toe flexors varus is likely to develop later and lead to a bad weight-bearing position. The best results I have seen are in those feet in which there was good muscle power before operation and where after operation there was good motion between the tibia and os calcis and good weight-bearing position 'of the foot. In the latter cases I believe it should never have been performed. It is not an operation which will cure a limp or even improve one as a rule. It is not an operation to be advised lightly or invariably for foot deformities, but should be performed in older children on selected cases."
Royal Whitman in an article in the Joutrnal of Orthopaedic Sutrgery carefully reviews and criticizes this paper [4] . He ascribes the results of astragalectomy at the Children's Hospital, Boston, largely to improper selection of cases and failure in operative technique and after-care. These would explain failure in any branch of surgery, but probably the work at the Children's Hospital, Boston, would not compare unfavourably with that of other hospitals where *this class of case is treated.
Lovett, after examination of a large number of old cases of astragalectomy, makes the following statement [5]:-'.' My experience has never led me to feel that astragalectomy should be performned in young children, except in cases of severe calcaneus for which the operation was originally devised by Whitman, or in connexion with really serious and threatening deformities of other types. Performed after the age of 14 years it seems to me to be an admirable operation where operation is necessary. It gives a stable foot with little movement at the ankle-joint and in skilful hands a good ultimate result is easily obtained by proper technique, but this I believe is not generally the case in children." My own experience of Whitman's astragalectomy is limited, but I join issue with him in his opinion that it is " the only effective remedy" for paralytic calcaneus. The condition of extreme paralytic calcaneo-cavus, associated as it usually is with active posterior tibial and peroneal muscles, lends itself peculiarly well to an almost perfect functional result by the operation which I described at the meeting of the British Orthopaedic Association in May, 1919 [6]. The operation devised by Whitman fails from its not controlling or correcting mid-tarsal deformity while it limits movement at the ankle, even in cases where this movement might be easily controlled by transplantation of the unparalysed muscle. It is my own practice to reserve the operation of astragalectomy as an alternative operation for those cases in which paralysis of all posterior tibial and peroneal muscles as well as the tendo Achillis is complete.
If you examine a paralytic deformity clinically or by the X-ray you will find that there is little alteration of the astragalus in its relation to the bones of the leg. The to-and-fro movement at the ankle is normal unless limited by a shortening of the tendo Achillis. The distortion is mainly due to an alteration of the remainder of the foot in its relation to the astragalus. This at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from may result in cavus, calcaneus, equinus, varus or valgus deformity, or an association of these.
We thus have a deformed foot with laxity and distortion of the joints and deficient muscular control. We can as a rule correct the deformity, we can often redistribute the muscular balance so that this is no longer a factor in the production of deformity, but the joints are still lax and only perfect bone balance would enable the patient to support body weight without the recurrence of deformity. In a large number of cases something more radical is necessary, We cannot restore power to the atrophied muscles; our efforts must therefore be directed to diminishing their task. We can do this by reducing the number of joints which they control. Our consideration of this point will be most effective if we also recognize the relative importance of the various movements of the foot.
The human foot is adapted for support and locomotion. The most important movement in propulsion of the body is controlled flexion and extension at the ankle. We should therefore retain this movement at the ankle if possible. We can do this by sacrificing the mid-tarsal and subastragaloid joints. Bony union of these ensures stability of the foot, leaving such muscle power as is present for control of the ankle movements.
Davis, of Philadelphia, appears to have been the first surgeon to recognize the importance of stabilization of these joints. He devised this operationthat of destroying the subastragaloid and astragalo-scaphoid joints with a; gouge, so that ankylosis of these in the desired position might result. In this operation no bone is removed from the wound.
De Forrest Willard first demonstrated this operation to me in 1917, and I tried it in twelve cases. Although sound in principle it is not a clean surgical procedure, while correction of deformity and backward displacement of the foot are difficult. It is a method of arthrodesing the subastragaloid joint which I sometimes employ in cases where this joint is lax and allows deformity on weight-bearing in spite of almost normal muscular control.
Previous to this I had resected the subastragaloid and mid-tarsal joints in cases of calcaneo-cavus deformity, and this is the line of treatment which I would emphasize as the most satisfactory radical operation for stabilization of the foot where this is necessary for any type of paralytic deformity.
I am pleased to see from their recent articles that Ryerson and Hoke in America have been working on the same lines and have reported improved results. Both obtain ankylosis of the astragalo-scaphoid and subastragaloid joints. Ryerson also removes the opposing cartilage of the calcaneo-cuboid joint. The procedure described by Hoke is, I am sure, unnecessarily complicated [7] . He would appear to emphasize the importance of the direction of the neck of the astragalus in its relation to the foot rather than the relation of the foot to the neck of the astragalus.
The results obtained by the double wedge operation in the treatment of calcaneo-cavus were so satisfactory that in 1917 I commenced to remove bone freely in selected cases for the correction of all types of paralytic deformitiesthe bone removed always including the joints between the astragalus, os calcis and the fore part of the foot and the subastragaloid joint.
Since I was asked to read this paper I have examined 135 cases on which I have myself performed an operation on bone to stabilize the foot during the last five years. I have also had the opportunity of seeing the results in seventy-one cases operated on by Mitchell Smith on the same lines. The large majority of these have beqn cases of instability and deformity following infantile paralysis, but a number of cases of severe deformity of the foot from other causes are included. The age of the youngest patient was 4 years, and of the oldest 58; 65 per cent. of the cases were between the ages of 8 and 14.
The deformities for which operation was undertaken were: Paralytic.-Calcaneus with associated deformities, 60; flail, 39; equinovarus, 28; valgus, 15; varus, 10; claw, 8; equino-valgus, 7; simple equinus, 5. Variouss.-Spastic deformities, 20; relapsed club feet, 11; mid-tarsal arthritis, 2; Charcot's disease, 1. The essential principle is to ensure bony ankylosis between the astragalus and os calcis and between these bones and the fore part of the foot. If the foot is divided into three sections-(1) the astragalus and bones of the leg;
(2) the os calcis; and (3) the fore part of the foot-it is merely a question of careful carpentry to remove bone so as to correct any deformity and ensure ankylosis of these joints in a good weight-bearing position. If necessary, the foot may be displaced backwards in its relation to the astragalus. Actual shortening of the foot may also be obtained by removal of bone at the midtarsus if this is desired.
I will describe fully the operation which I practise in selected cases. The objects of the operation are:-(1) To correct deformity.
(2) To shorten the foot by removal of bone at the mid-tarsus.
(3) To increase the stability of the foot by producing arthrodesis of the tarsal joints.
(4) To improve the balance and control of the foot by displacing it backwards in its relation to the astragalus and the bones of the leg. The to-andfro movement at the ankle-joint is retained for ease in locomotion.
STEPS OF THE COMPLETE OPERATION TO SHORTEN AND STABILIZE THE FOOT.
(1) An incision is made just in front of and above the external malleolus to the dorsal surface of the base of the fifth metatarsal bone ( fig. 1 ).
(2) The outer border of the extensor brevis digitorum muscle is exposed. Its origin from the head of the os calcis is divided. By its reflection with the tendons of the anterior tibial group of muscles towards the inner side of the foot, the entire dorsal surface of the tarsal bones is freely exposed.
(3) Note the position of the astragalus. If necessary elongate the tendo Achillis just sufficiently to allow the normal range of movement at the ankle.
(4) By means of an osteotome a portion of bone including the articular surfaces of the head of the os calcis and cuboid is removed. The amount of bone removed will determine the actual shortening of the foot which will result from the operation.
(5) The head of the astragalus is divided just behind the level of its articular cartilage. The proximal cartilage of the cuneiform bones is next removed -so that the bone removed from the inner side of the arch of the foot includes the articular cartilage of the head of the astragalus, the whole of the scaphoid bone and the adjacent cartilage of the cuneiform bones (fig. 1 ).
The complete removal of the scaphoid bone may present some difficulty owing to its numerous muscular and ligamentous attachments. It is important that it should be completely removed, as failure to do so will give the appearance of flat foot when the foot has been shortened.
(6) A cup-shaped depression is cut from the dorsal surface of the cuneiform bones for the reception of the under surface of the head of the astragalus. (7) The strong interosseous ligament between the astragalus and os calcis is divided, and while the two bones are levered apart the opposing cartilaginous surfaces are removed by means of a gouge.
(8) The foot is then displaced backwards at the subastragaloid joint. This allows the head of the astragalus to rest in the depression cut for it, on the dorsal surface of the cuneiform bones-while the raw surfaces of the cuboid and os calcis are also in apposition ( fig. 2) .
(9) The extensor brevis digitorum is replaced and fixed by a continuous catgut suture and the wound closed.
(10) Fixation of the foot in plaster of Paris completes the operation. At the end of fourteen days the stitches are removed and after final moulding of the foot a closely fitting plaster of Paris case is applied. Walking in this may be allowed at the end of a month, but fixation should be maintained for another four months.
The diagrams show that the calcaneo-cuboid wedge (A-B) is smaller than that removed from the inner side of the tarsus (Al-B1). This is due to the fact that the calcaneo-cuboid wedge determines the actual shortening of the foot while the wedge including the scaphoid bone represents the actual shortening of the foot plus its backward displacement at the subastragaloid joint.
A theoretical objection has been made to this operation, namely, the possibility of irregular growth resulting from disturbance of the centres of ossification of the bones of the foot. I have not been able to satisfy myself that this has been a factor in the production of the slight varus deformity which has occasionally resulted. I can certainly produce cases operated on three and four years ago in which the growth of the child has been normal and there has been no recurrence of deformity in the foot.
Although I think I am safe in saying that there has been an improvement in function in all cases, all are not perfect-three patients complain of pain in the sole of the foot, and in several of the earlier cases there is a tendency to varus deformity. The pain complained of is in each case due to a correction of equinus deformity by a mid-tarsal resection, so that the head of the os calcis and the cuboid bear the main pressure on standing. This could have been obviated by elongation of the tendo Achillis and restoring the normal relations of the astragalus and os calcis to the bones of the leg, before removing bone to correct deformity.
In several of the cases in which varus deformity is present, this deformity had been noted when the plaster was first removed. I believe it is due to improper setting of the foot in the post-operative plaster. The surgeon should see that the foot is set in the best weight-bearing position at the end of the operation, and should verify it when the stitches are removed. Any alteration of position by moulding can at this time be easily obtained. Although we have obtained sound union between the heel, the fore part of the foot and the astragalus, we must realize that muscle pull may still affect the direction of growth in bone. It is therefore essential to maintain a good weight-bearing position of the foot by splintage until muscular balance has been restored by operation if necessary.
In certain old standing cases lateral iAtability of the foot at the ankle is also present. In these cases there are two alternatives, one is to arthrodese the ankle as well as the mid-tarsal and subastragaloid joints, the other is to remove the astragalus. Where control of the knee is good the short stable foot which results from the former gives an excellent result. The operations which I have described are comparable to the two types of ankle supplied by limb makers: the Hanger type, which allows easy limited movement at the ankle; and the Rowley type, where the foot is solid and there is practically no movement at the ankle.
The very large majority of those cases had been under hospital treatment for several years, and further operation to stabilize the foot by removal of bone has only been undertaken after a careful consideration of all factors affecting the individual case.
Deficient growth of the paralytic limb is a common sequela. It depends probably on two factors, first, the damage to trophic centres in the cord, and secondly. to disuse. The first is beyond our control, but by improving function we can do much to combat the second. It is important, therefore, that any treatment necessary for this should not be delayed.
It is difficult to ensure bony ankylosis of the foot by means of the operations I have described before the age of 7, but I feel justified in performing the opera.tion at any age if reasonable function without progressive deformity cannot be obtained by splintage or tendon transplantation.
SUMMARY.
(1) The object of treatment is to improve function.
(2) Experience and a careful consideration of all factors affecting the individual case are essential in the treatment of paralytic deformities of the foot. Operation may not be necessary even in the flail foot if bone balance is perfect.
(3) Correction of deformity and appropriate after-treatment with or without tendon transplantation may be all that is necessary.
(4) The site of deformity is seldom the ankle-joint, but usually the midtarsal and subastragaloid joints.
(5) Arthrodesis of one or both of these joints is by itself little disability.
It allows correction of deformity and stabilization of the foot, so that the unparalysed muscles may be used to control the movements of the ankle.
Shortening of the foot or its displacement backwards at the sub-astragaloid joint are also possible. The tendo Achillis should be elongated if necessary to allow the astragalus to resume its normal relation to the bones of the leg.
(6) In certain cases arthrodesis of the ankle may also be necessary to secure stabilitv.
(7) Whitman's operation should be reserved as an alternative operation for cases of complete paralysis with lateral instability, or cases of calcaneo-cavus, where the posterior tibial and peroneal muscles, as well as the calf muscles, are paralysed.
